where f is a general variable to be solved, t is time, r is density, V is the velocity vector, G is the general diffusion coefficient, and S is the general source term including all terms that cannot be included in other terms. By setting f ¼ Y j , mass fraction of species j, the general transport equation becomes the species equations. In the species equations, the source terms represent the species' volumetric consumption/generation rate through chemical/electrochemical reactions. Therefore, in 3D modeling of fuel cells, the unit of source terms must be volumetric-based, for example, the unit for source term of species equations must be kg/(m 3 s), or mol/(m 3 s). Similarly, the unit for source term of energy equation must be W/m 3 . For fuel cells running on hydrogen and oxygen, the source terms of species equations are usually calculated as
where M is the molecular weight (kg/mol), F is the Faraday constant; i c and i a are local current density, which are volumetric-based (A/m 3 ).
Through a short literature survey, it is found that in some 3D fuel cell modeling studies, for example [2, 3] (1)) for a 3D modeling study, thus the source terms are incorrect. If the electrochemical reaction only takes place at the electrode-membrane interface, the H 2 mass change should be ÀðM H2 =2FÞi a DxDy for a finite volume (grid cell) at the electrode-membrane interface (at the electrode side), since the local current density is area-based (A/ m 2 ). Here DxDy is the area of a unit grid cell (for electrochemical reaction) at the electrode-membrane interface. Thus, the volumetric H 2 mass change (that is, the source term for species equation) should be, where DxDyDz is the size of the finite volume (grid cell) and Dz is the height of the finite volume (grid cell) considered above (at the electrode-electrolyte interface). Similarly, the source terms for H 2 O and O 2 should be,
Eqs. (5)-(7) are the correct source terms for species equations in 3D fuel cell modeling when electrochemical reactions are assumed to occur only at the electrode-electrolyte interface (the unit of i c and i a is A/m 2 in this case). If the local current densities are volumetric-based, then Eqs. (2)- (4) can be used for calculating the source terms of species equations.
r e f e r e n c e s
